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Determination of the type of turbines for use in Restelica
1,2 and 3 hydropower plants based on the natural
characteristics of the river
Bukurije Hoxha
Faculty of Mechanical Engineering, University of Prishtina,

Abstract. The focus of this paper describes the designing procedure of Small hydro power
plant implemented in Restelica River, Kosovo. For normal operation of the Small hydro power
plant, there must be done measurements of the river basin annually water flow, hydraulic net
head of water, to calculate sustainability of water flow, flow duration curve, flow rate,
configuration units depending on flow rate etc. The choice of the turbines was made depending
on head and flow rate of water from which has resulted in the installation of different turbines
that have fit better those conditions. The head losses in penstock are estimated to be in the
percentage (%) of the hydraulic gross head, depending on the length of the penstock, its
diameter, sustainability of flow rate and its velocity. Since the water flow, it's not stable enough
for production 3.018 MW electricity from one turbine, in this case, are proposed to installing
three different turbines. This paper aims to determine the best efficiency of Small hydro power
plants SHPP Restelica 1,2 and 3, with three turbines during operation depending on rated
discharge per unit. If we rely only on the gross level of water drop in the respective turbine,
then for all three power plants, Restelica 1, 2 and 3, it follows that the most favorable turbines
will be those of Francis. But when optimizing a particular type of turbine for a particular
location, one must also consider the amount of water that will pass through the turbine in
question.
Keywords: Francis turbine, efficiency, biodiversity, water flow, head, power, sustainability

Introduction
River ecosystems result from a dynamic balance between the biotic (e.g., plants and animals)
and abiotic (e.g., climate, topography, and hydrology) factors under natural flow. The
construction and operation of water storage and hydropower projects have changed the
hydrology of rivers leading to changes in riverine ecosystems. [1]. Run-of-River (RoR)
hydropower plants play a significant role in many parts of the world by providing energy,
reducing carbon emissions and creating job opportunities. Simulation of the optimal design
discharge, number of turbines and installed capacity, the model uses the flow duration curve
developed from real river flow data and the rating curve estimating upstream and downstream
water level and determine available head.[2] The water streaming down from higher to lower
levels consists of potential energy in itself because of its altitude which is converted into kinetic
energy while flowing downhill. The gravitational force near the Earth’s surface varies very
little with the height z (m) and is equal to the mass m (kg) multiplied by the gravitational
acceleration, g (m/s2). As much higher the height z (m) to be more potential energy is
produced, respectively more electricity in our case. [3] The turbine is the heart of a hydropower
plant, and this is why special care should be taken when installing a particular type of turbine,

because all the hydropower work and the energy produced depends on whether we are able to
optimize the type. designated turbine for the conditions in question.

Calculation of power output
All hydro power plants depend on water flow rate and net head of water. These two parameters
determine the power that can be captured by a hydro turbine. Other parameters have little effect
on the overall production of power from the hydro power plant. The output power generation
from the hydro turbine (Pout), can be estimated by the following expression [12]:
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(1)

Pout [W] - power output
ρ [kg/m3] - water density
g [m/s2] - gravity acceleration constant
Hn (m) - net downward water height,
ɳt (%) - the maximum efficiency of hydro turbine (ɳt = 0.93),
ɳg (%) - generator efficiency (ɳg = 0.97)

Calculation of the specific speed
The specific speed is a dimensionless parameter associated with a given group of turbines at
maximum efficiency with known values of angular velocity ω, head net H, and power output
Pout. It constitutes a reliable criterion for selection of turbine type and dimension. The specific
speed is given by equation:
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where, ω [rad/s] - angular velocity.
A preliminary selection of appropriate type of turbine for given installation is based on specific
speed ωT. For presented analysis, the specific speed was found to be ωT = 1.5 and this range
determines the selection of Francis turbine.
Table 1. Specific speed ωT given from different authors
Author
Potter (1977)
Douglas (1995)

Pelton
0-1.0
0.05-0.4

Francis
1.0-3.5
0.4-2.2

Mixed flow
Axial flow
3.5-7.0
7-14
1.8-4.6
also higher
Shames (1992)
0.05-0.5
0.4-2.5
1.8-4.6
also higher
Another equation, which is used for calculation of the specific speed of turbine, is given with
expression:
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N [rpm] - turbine’s rotation speed
Hn [m] - net head
Pout [kW] - power output.
From the above-mentioned equation, the specific speeds of different turbines based on the
book of Fluid Mechanics are given by Arora (2005).
Table 2. Turbine selection characteristics

Nor

Range of head (m)

Specific speed Ns

Type of Turbine

1

10-20

290 – 860

Propeller and Kaplan

2

30-60

215 – 340

3

150-500

70 – 130

4

150-500

24 – 70

5

500-1500

17 – 70

6

500-2000

12 – 30

-

Francis low
speed
Francis high
speed
Pelton 4 nozzles
Pelton 2 nozzles
Pelton 1 nozzles

Turbines and auxiliaries

Francis turbine
Where water is available with average flow and average fall height of 25 m to 250 m, Francis
turbine is used for water use.
It covers a wide range of specific speed from Ns = 70 to 340 corresponding to high head and
low head respectively. Table 1 and Table 2 present the zone of specific speed for different
turbines [10]. The choice of the runner type is mainly based on the availability of flow rate and
net head.

Figure 1: Francis turbine rotor1
The runner of the Pelton turbine consists of double hemispherical cups fitted on its
periphery as shown in figure (1).

Fig. Pelton turbine rotor2
These turbines are used for high water heights (from 60 m to 1000 m) and variable flow rates as
the change in flow does not affect their efficiency.
Because of the rate of change of angular momentum and the motion of the vanes, work is done
on the runner (impeller) by the fluid and, thus, energy is transferred. Since the fluid energy
which is reduced on passing through the runner is entirely kinetic, it follows that the absolute
velocity at outlet is smaller than the absolute velocity at inlet (jet velocity). Furthermore, the
fluid pressure is atmospheric throughout and the relative velocity is constant except for a slight
reduction due to friction. [6]

1

https://www.bing.com/images/search?view=detailV2&id=819E24581C08E19AEE5C00F7A
F6A2099C9414345&thid=OIP.lq0RtFxSCMZ4NvvY8Mun0AHaFj&mediaurl=https%3A%2
F%2Fs-media-cacheak0.pinimg.com%2F736x%2F88%2F8a%2Fde%2F888adecf3a31d97113390f5faf43eee8.jpg
&exph=552&expw=736&q=francis+turbine&selectedindex=5&ajaxhist=0&vt=0&eim=1,2,6
2

https://www.google.com/search?q=pelton+turbine+pdf&rlz=1C1SQJL_en__838__838&sxsr
f=ACYBGNTTK8jrjXdkY7mxlVwnbrMqvpZUhw:1569677572885&source=lnms&tbm=isc
h&sa=X&ved=0ahUKEwj_65LR0PPkAhXK0KQKHWXyCxwQ_AUIEigB&biw=1366&bi
h=657#imgrc=wTes_CjGSzMPPM:

Kaplan Turbine
Based on the principles of a Francis Turbine the Kaplan Turbine was developed by the Austrian
engineer Victor Kaplan towards the beginning of the 20th century. Kaplan's turbine is an axial
reactive turbine which finds application at low water heights ranging between 2 m and 30 m.
In the Kaplan turbine the runner has 4 to 6 blades attached to the hub or boss. The water enters
the turbine in the axial direction. Since only a few blades are used the contact surface with
water and hence the frictional resistance is reduced. The blades are made of stainless steel. The
runner blades are so arranged that their angle of inclination can be adjusted while running
Hence the kaplan turbine is also called variable pitch propeller turbine. [7]

Figure 3: Kaplan Turbine rotor3

Hydrology of Restelica River
Restelica River flows from Sharr Mountain in the southernmost part of suburbs of Prizren, at an
altitude of 2300-2500m above sea level, thus following the northwest direction of its valley
until it reaches the border state - Kosovo. It can be used from quota of about 1500m to the
quota of about 1050m. In this river can 2-3 HPPs with a capacity of about 4000 kW be built.
[8,9]
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Figure 4: Restelica River

Positioning of hydropower plants according to the accepted scheme
According to the accepted hydropower scheme of the River Te Five
HPP Restelica 1 with receiving point, at 1750m above sea level and central building at 1581m
quota. HEC Restelica 1 (1750-1581).
HPP Restelica 2, with receiving works in the quota 1581m above the level of sea and central
building at quota 1350m. HEC Restelica 2 (1581- 1350).
HPP Restelica 3, with receiving point 1350m above the level of sea and central building at
quota 1220m. HEC Restelica 3 (1350-1220).
The average slope of the riverbed for this full segment is 8.5% with a gross decline total Hg =
680m. In this scheme the works of reception are presented and all three hydropower plants.

Figure 5: Consecutive layout of hydropower plants intended for construction
Two formulas given in above equations, can help us to determine which turbine is useful for
specific hydro power plant, exactly HPPs Restelica 1,2,3.

Results
Based on the hydrology of the river considered, we have three potential sites for hydropower
construction,
of
which
we
have:
- Since the water drop height for the three plants is over 130m, it follows that the Kaplan
turbine is unsuitable for application, due to the very low altitude range it can be used. Of the
two possible types of turbines that can be implemented are Pelton and Francis.
The total potential for installed power is 3.018MW, and annual energy production is
14.6GWh/yr that in the total electricity generation balance in Kosovo of 5835000 GWh/year,
and the percentage of total energy production in Kosovo from those 3 rivers is 0.0002%.

Conclusions
The data for Restelica River shows that in the case of Restelica 1 HPP we have water flow of
0.31 m3/s, Restelica 2 of 0.57 m3/s and Restelica 3, with 0.77 m3/s.
In the previous case where we said that based on the height of the water drop for the particular
type of turbine, this conclusion can be reconceptualized when the water flow for each of these
hydropower plants is known, and in this case, in the case of placement. that each turbine
specific to the power plant in question, we can see that there is an issue of discussion between
the two types of turbines, those of Francis and Pelton. In this case, it is considered that the
Pelton turbines are more suitable for lower water flow as in the case of Restelica 1, whereas for
the two Restelica 2 and 3 hydropower plants, Francis turbines should be used, resulting in
efficiency. higher.

250
200
Restelica 1

150

Restelica 2

100

Restelica 3

50
0

Water Flow m^3/s

Height, m

Figure 6: Relationship between water flow and height for Restelica 1,2,3 HPP
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Figure 7: Relationship between Height of water running and installed power
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